Purpose: Maternal knowledge, positive attitudes and interest toward breastfeeding may improve the sustainability of breastfeeding. This study examined the associations of knowledge, attitudes, and interest toward breastfeeding with the duration of breastfeeding in Korean mothers who used the internet. Methods: We conducted a cross-sectional study of 604 Korean mothers who breastfed their babies. Mothers were recruited through the internet and their knowledge, attitudes and interest toward breastfeeding were assessed using a web-based self-administered questionnaire. Geometric means and odds ratio (OR) with 95% confidence intervals were calculated. Results: Higher knowledge, attitudes, and interest toward breastfeeding were associated with longer duration of breastfeeding in Korean mothers. In particular, mothers who had optimal breastfeeding duration were more likely to be aware of the easiness of breast milk stimulation and breastfeeding, the development of attachment between mother and child, and pleasure from breastfeeding compared to those mothers with shorter duration. The association with optimal breastfeeding duration was more pronounced among mothers who graduated from high school for total attitude scores and total interest scores, compared to mothers who graduated from college or above. Conclusion: The results of this study suggest that it is important to improve maternal knowledge, attitudes, and interest toward breastfeeding in Korean mothers who use the internet as a source of knowledge. Also, the study results imply that the development of strategies to target mothers with relatively low education levels may improve breastfeeding rates.
INTRODUCTION
Breast milk is the best source of nutrition for infants, and it is important for their growth and the development of their brain and nervous system [1] . Breastfeeding has been shown to be related to a decreased risk of Sudden Infant Death Syndrome (SIDS), otitis media, respiratory tract infections, gastroenteritis, asthma, atopic dermatitis, type 2 diabetes, and obesity [2] . Furthermore, breastfeeding enhances the intellectual and psycho-emotional comfort of infants and the mother-infant relationships [3] . Moreover, breastfeeding mothers may have a lower risk of postpartum bleeding and have a faster recovery to pre-pregnancy body conditions as compared to those who bottle feed [2, 4] .
The World Health Organization (WHO) [4] months, 50.0% at 3~4 months, 32.3% at 5~6 months, and 11.4% at 6~7 months [5] , which was still below government's goal of 70% during the first month and 60% for six months [6] .
The 2012 National Survey indicated that the most common reasons for stopping breastfeeding were a lack of breast milk (40.2%), reaching the right time to stop breastfeeding (26.0%), and returning to work (11.8%). Breastfeeding rates in 2012 in Korea have decreased compared to 2009, for example, from 51.0 to 44.5% of combined rate of exclusive breastfeeding and mixed feeding for 5~6 months [5] . Although several efforts, including breastfeeding education and implementing a baby-friendly hospital campaign, have been made by local communities and by UNICEF Korea, such a decrease in the breastfeeding rate in Korea suggests that both social support and individual effort are strongly needed to encourage breastfeeding.
A recent intervention study found that a 2-hour breastfeeding education session improved breastfeeding technique, the mother' s breastfeeding perception, and spousal support [7] . Also, previous studies have shown that maternal knowledge and attitudes toward breastfeeding may influence the personal decision and intention to breastfeed as well as the duration of breastfeeding [8, 9] .
Another study showed independent association between maternal perception of the acceptability of breastfeeding in public and breastfeeding practices [10] . A few studies have suggested that maternal attitude is a better predictor of infant feeding method than socio-demographic factors [11, 12] .
The development of positive maternal attitudes and practice toward breastfeeding may be facilitated through web-based breastfeeding education and the provision of breastfeeding information through the internet [13] . A recent US study reported that mothers had difficulty accessing and understanding maternal and infant health information although educational materials already exist [14] . The internet may be and will be, more critically, an important resource to provide parents and health professionals with essential information including breastfeeding techniques, benefits of breastfeeding and self or peer-care tools such as selfmonitoring modules and peer supporting network programs [15] .
Thomas and Shaikh [16] conducted an email-survey and found that many breastfeeding mothers reached out to breastfeeding experts over the internet. Because the internet is commonly used in Korea and a useful tool to provide health information, a web-based breastfeeding health-care protocols needs to be properly developed to satisfy user's knowledge, attitude, and interest. Given a need of strategies that promote breastfeeding rate and duration in Korea, increasing knowledge through the internet may be the first step in improving clinical practice [17] . Especially obtaining health information through internet comes into the spotlight because of its good accessibility and effectiveness.
However, studies on web-based breastfeeding educational program are rarely found in Korea, and, therefore, there is a need to test the feasibility of web-based monitoring among breastfeeding mothers in Korea. To develop an interactive web-based breastfeeding monitoring system and examine its feasibility, usability, and acceptability among breastfeeding mothers [18] , we conducted a base study regarding the web-based knowledge, attitude and interest toward the breastfeeding for a tailored webbased breastfeeding educational information system.
To develop a web-based tailored breastfeeding promotion program, it is essential to examine whether knowledge, attitudes, and interest toward breastfeeding were associated with the duration of breastfeeding in Korean women who used the internet to search for child-related information. A better understanding of determinants of breastfeeding duration, including knowledge, attitudes, and interest toward breastfeeding and education tools, may support the development of better targeted, more effective programs designed to promote breastfeeding. Therefore, we examined whether duration of breastfeeding was associated with knowledge, attitudes, and interest toward breastfeeding in a large cross-sectional study of Korean women who used the internet as a source of knowledge and communication. We also examined whether these associations differed by education levels of the mothers.
The specific aims of this study were as follows: a) To identify the associations of maternal breastfeeding knowledge, attitudes, and interest score with breastfeeding duration; b) to examine the associations for optimal breastfeeding practice (6 or more month of breastfeeding) with breastfeeding knowledge, attitudes and interest toward breastfeeding; and c) to investigate whether the relationships vary by age and education. 
METHODS

Study design and study population
This study is a cross-sectional study of women who had children of 24 months or less -and were recruited based on convenience sampling. Women who had children of 24 months of age or younger were invited to participate in this study via email through an online system of a dairy company (Maeil Dairies Co., Ltd., Seoul, Korea). The company sent an invitation email to those who voluntarily registered on their website. A total of 1,508 individuals agreed to participate in this study and provided informed written consent forms. The surveys were completed between October and November, 2009. Of the respondents, we excluded men or individuals of unknown gender (n=35), unmarried women (n=14), women without children (n=289), women whose last child was younger than 6 months old (n=564), and women who did not answer the question on the duration of breastfeeding (n=2). As a result, a total of 604 mothers who breastfed their children were included in our study. Participants voluntarily answered the questionnaires after they were informed about the purpose of the study. Responses to the questions on our web-based questionnaire were not related to accessibility to the online system of the company. All information was handled with confidentiality. Voluntary withdrawal was guaranteed for all participants without any adverse effect for the mother or the baby. This study was approved by the Institutional Review Board of K University Hospital (KUB1040024).
Theoretical frameworks
Theoretical triangulation was used to combine the Theory of Reasoned Action (TRA), the Theory of Planned Behavior (TPB), Concerns Based Adoption Model (CBAM), and the major concepts based on a review of the literature on breastfeeding knowledge, attitudes, and interest. In the study, three models (TRA, TPB and CBAM) were integrated and used to guide the research questions, the data collection process, and interpretation of the findings. Major concepts/variables related to breastfeeding were drawn from existing literature from 1997 to the present. Based on these theoretical bases, the concepts were defined as follows; breastfeeding knowledge indicates the understanding gained by experience and range of information toward breastfeeding; breastfeeding attitude indicates the conditions of readiness to a certain breastfeeding behavior-like or dislike, the belief of breastfeeding's usefulness, its value, and the benefit of internet breastfeeding information; and interest toward breastfeeding indicates the feeling of a mother whose attention, concern, or curiosity particularly engaged by breastfeeding educational information on the internet.
Measurements and data collection
The web-based questionnaire was designed to evaluate a mother's knowledge, attitude, and interest toward breastfeeding based on our previous research and literature review [19] [20] [21] . We asked each participant about the duration of breastfeeding of their last child. Breastfeeding duration was defined as the duration that last child was exclusively breastfed or mixed-fed. Participants were asked about their gender, age, education, occupation, marital status, and feeding method. With regard to knowledge of breastfeeding practices, each participant responded to 15 subquestions using a 5-point Likert scale, including "Milk-making is easy", "Breastfeeding protects mom and baby", and "Baby and mom belong together". We asked participants about their attitudes toward breastfeeding using 8 sub-questions, including "breastfeeding is pleasant" and "breastfeeding is fun and easy".
Knowledge and attitudes toward breastfeeding practices were scored using a 5-point Likert scale that included responses of strongly agree, agree, neutral, disagree, and strongly disagree.
The responses were assigned ascending values from 1 to 5 from strongly disagree to strongly agree. Cronbach's alpha was 0.88 for questions on knowledge and attitudes toward breastfeeding.
The breastfeeding interest questions consisted of 25 items. 
Data analysis
We used a Generalized Linear Model (GLM) to examine whether knowledge, attitudes and interest toward breastfeeding practices differed with respect to breastfeeding duration. We also used logistic regression models to evaluate whether knowledge, attitudes, and interest toward breastfeeding were associated with optimal breastfeeding duration (yes, ≥6 months; no, < 6 months). We selected six or more months because six months of exclusive breastfeeding has been considered to be the optimal duration [22] , and our analysis showed an apparent increase, to years; median), and education (high school graduate or below, college graduate or above). The heterogeneity of each interaction was tested by including a cross-product term of the main exposure and an interaction term using the likelihood ratio test. All p values were two-sided, and p <.05 was considered to be statistically significant. All analyses were performed using SAS 9.3
(SAS Institute Inc., Cary, North Carolina).
RESULTS
Characteristics of the participants
The characteristics of the mothers are described in 
Association of breastfeeding knowledge, attitudes, and interest with optimal breastfeeding practices
We used multivariate logistic models to examine the association of knowledge, attitudes, and interest toward breastfeeding with optimal breastfeeding practices of 6 or more months in duration (Table 3) . Mothers who had optimal breastfeeding duration were more likely to experience ease of breastmilk stimulation (OR=1.21; 95% CI: 1.11~1.32 for a one unit-score increase)
and build-up of emotional attachment (OR=1.17; 95% CI:
1.10~1.25 for a one unit-score increase). A one-unit increase in the score for total knowledge was associated with a 1.08-fold in- www.kan.or.kr crease in the odds of engaging in an optimal breastfeeding practice. When we examined each item for knowledge, mothers engaged in optimal breastfeeding duration tended to have better knowledge on exclusive breastfeeding and attachment with the baby than mothers with less than 6 months of breastfeeding.
Also, mothers with optimal breastfeeding duration were more likely to have positive attitudes toward correct positioning and breast image than mothers with less than 6 months of breastfeeding. Regarding the total attitude score, the OR (95% CI) for a one unit-score increase was 1.09 (1.04~1.13). Mothers who had optimal breastfeeding duration had a more positive attitude and more frequently claimed that "breastfeeding is pleasant" and "breastfeeding is fun and easy" compared to mothers who breastfed their children for less than 6 months. ORs (95% CIs) for a one unit-score increase in these two questions were 1.23 (1.09~1.39) and 1.08 (1.03~1.14), respectively. Mothers engaged in an optimal breastfeeding duration were more interested in the following topics as compared to mothers with less than 6 months of breastfeeding: "breastfeeding education targetting fathers", "breastfeeding and maternal health", "physiology and change in the breasts during pregnancy", "food avoidance, medication, and preferred foods", "maternal healthcare during breastfeeding", "paternal role in the development of emotional attachment with the baby", and "how to prolong breastfeeding".
The association between the total interest score and an optimal breastfeeding practice was weak and only borderline significant (OR=1.01; 95% CI: 1.00~1.02 for a one unit-score increase).
Association between optimal breastfeeding practice and total knowledge, attitude and interest by age or education
We examined whether the association between optimal breastfeeding practice and total knowledge, attitude, and interest scores varied according to age or education. Notably, the associations of optimal breastfeeding practice with total attitude score (p for heterogeneity =.0 02) and total interest score (p for heterogeneity=.04) were more pronounced among mothers who had graduated from high school or had lower educational level as compared to those who graduated from college or above (Table 4) . months. We found that higher scores of breastfeeding knowledge, attitudes, and interest were associated with higher odds of optimal breastfeeding practices (6 or more months of breastfeeding). In particular, mothers who had an optimal duration of breastfeeding were more likely to be aware of the ease of breastmilk stimulation and breastfeeding, of the development of emotional attachment between the mother and the child, and of the pleasure obtained from breastfeeding as compared to mothers who had a shorter duration. The association with an optimal breastfeeding practice was more pronounced among mothers who graduated from high school or below for total attitude score or total interest score, compared to mothers who graduated from college or above. The results of this study suggest that improving maternal knowledge, attitudes, and interest toward breastfeeding could be an effective strategy to encourage successful breastfeeding practices, especially for mothers who have relatively low education levels and actively seek the web-based information. Interestingly, we found that the paternal role, foods to avoid, body change in mothers, mothers' health and methods to prolong breastfeeding would be important elements for the development of web-based educational information program. These findings agree with those of previous studies on the association between knowledge and attitudes toward breastfeeding [8, 9, 23] .
Maternal knowledge on the benefits of breastfeeding in order to improve child health and comfort was directly associated with an intention to exclusively breastfeed [9] . Also, intention of breastfeeding was associated with positive breastfeeding attitudes[23].
Higher scores of knowledge and attitudes were significantly associated with higher odds of exclusive breastfeeding for 6 months postpartum (OR=1.08, 95% CI: 1.03~1.14) [8] . However one study showed that knowledge and awareness did not translate into the practice of breastfeeding [24] . Health workers and policy makers should direct their efforts to encouraging mothers to continue exclusive breastfeeding.
The association between total attitude score or total interest score and an optimum breastfeeding practice among mothers with higher education levels was weak in our study. This may be partly due to the fact that mothers with higher education levels or with jobs discontinue their breastfeeding due to certain social barriers, such as having to return to work [25] , in spite of their good attitudes or interests towards breastfeeding. This result supports findings that perceived social norms may exert a stronger influence on breastfeeding outcomes than a woman's breastfeeding attitudes and knowledge [10] . The strengths of our study include having a large sample size.
Although a potential bias due to the unmeasured and residual confounding factors may be present, we still found significant associations after adjusting for potential related factors. We found that mothers with relatively low education levels could benefit from improvement of knowledge, attitudes and interest toward breastfeeding. Although our study population may not be generalizable to all Korean women, we were able to include mothers who had good willingness to support their child health through active internet usage. Recruitment of participants through the internet is one of the strengths of our study. To use the internet as a venue for education program, it is important to evaluate its benefit among mothers who actively use the internet as an important source of child-related information and communication There are several limitations in our study. First, the responses were self-reported. Therefore, we cannot rule out the possibility of misclassification of breastfeeding duration. However, maternal recall was reported to provide accurate information on the initiation and duration of breastfeeding when the duration was of less than 3 years [29] . Secondly, we included mothers engaged in both mixed feeding (combination of bottleand breast-feeding) and exclusive breastfeeding. Although the WHO recommends 6-months of exclusive breastfeeding [4] , we believe that the optimal breastfeeding duration with and without bottle feeding could be considered to be a good efforts toward successful breastfeeding given that there is lower social or hospital support in Korean society than in Western societies.
Third, as this is a cross-sectional study, we cannot disentangle 
CONCLUSION
The results of this study showed that increases in the levels of knowledge, attitudes, and interest toward breastfeeding are associated with a longer duration of breastfeeding among mothers who used the internet as a source of child-related information and communication. Also, these findings suggest that targeting mothers with relatively low education levels can be an effective strategy to encourage successful breastfeeding practices in Korea.
Our findings support the evidence that favorable knowledge, attitudes, and interest toward web-based breastfeeding information may enable women to plan for an extended duration of breastfeeding. In particular, healthcare professionals should play prominent roles in educating mothers on the benefits of breastfeeding, on how to stimulate milk supply, and on improving the emotional attachment between the mother and the child, and on how to make effective use of web-based information.
Also, we found that interest in paternal role, maternal health, physical change, and food and medication information were associated with optimal breastfeeding, suggesting that these items are important elements for development of web-based education programs. Our study also merits further longitudinal prospective studies that examine the associations of knowledge and attitudes toward breastfeeding before and during pregnancy with the subsequent success of breastfeeding.
